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Abstract 


Fotmiilatlon of el6cti?i<:ally condtlctivO, th§rtnal-cOflifol coatittgS wafljander- 
takan for uaa on the international Sun Earth Explorer (isEE) spacecraft. The 
primary effort aras aimed at formulation of a coating with bulk reatetlvlty leifl than 
1 X lOS ohm -m2 and optical abaorptance and normal emittance of approximately 
0. 58 and 0. 90, rcapectively. The required stability in space called for bulk reels - 
tivity lees than l x i05 ohm -m2, absorptance less than 0. St and normal emittanee 
of 0. OO after exposure tn approximately 4 X 1018 proton/ cm2 of aolar wind particles 
and 5300 equivalent sun hours. These exposures represent two years of the iSEE 

unsuccessful formulation efforts as well as the successful uSe of oxide pigments 
fired at llt8*C are described. Problems attributed to reactivity of specific coat- 
ing vetdcles exposed to high humidity are discussed. 

Measurement and testing methods, including resulting data are mentioned, but 
the emphasis, in this report, is placed ort coating formulation and application tech- 
niques. Methods of var^ng, as desired, optical properties are also described as 
well as formulations of white, low -absorptance coatings. 
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1. INTRODUCTION - 


Th6 Engineering Appllc&tione Erahch at the Gbddard Spaee Flight Center wae 
given the task of developing a coating for the international Sun Earth Explorer iiSEE) 
fipaoeoraft that not only had to meet the epeciflcatione Of the thermal design engin- 
eers, but in additiOh, the thermal OOntrol coating had to be electrically conductive. 
Electrleal conduotivity «ras necessary to prevent charge buildup on the exterior of 
the Spacecraft which would interfere with the detection of low-energy level plasma 
waves and thermal electrons. Specifically, we were confronted with the task of 
developing S coating which would have the following properties: 

(1) Solar abSorptance of 0. 55, 

(2) Thermal emlttance of 0. dO, 

i 5 2 

(3) Area -resistance of less than 1 X 10 ohm-m , 

(4) Environmental lifetime of two years in the solar wind environment, 
with less than d.07 change in optical absorptance value. 

2. FORMULATION OF COATINGS 

During the early stages Of developing the conductive coatings, numer.ius for- 
mulations were tried with Varying degrees of negative results. The basic labora- 
tory efforts Were more of trial -and-error processes. After many ftlse starts, in- 
cluding the obvious attempt of adding metals such as gold and chromium tO Standard 
binders, a formulation with fired pigment oxides was made. The optical and elec- 
trical resistivity characteristics Were most promising. Thereafter, all attention 
was directed to coating formulations based upon both sbdium and potassium silicate 
binders containing fired oxide pigments added In such proportions as to optimize 
the absorptance and conductance (area -resistance product). 

2.1 Sedittni 3ilicate« (See Table I) 

2.1.1 MATERIALS 

SpSOO zinc oxide was obtained from New Jersey 2inc Co. ; the aluminum oxide 
(Type C) from Union Carbide; and sodium silicate (Star) from Phiiadelpbtfi.QUarta Co. 

2. 1. 2 PREPARATION OF PIGMENTS 

The required amounts of pigment Oxides (by weight) are added to distilled water 
and Slowly stirred for five hOUrS. This Slurry is initially heated for 42 hr at 90*C 
and then for an additional 72 hr at 110*C. The pigments are fired at 1172*C for 
16 min in 60 -g batches. In the flAal preparation Stage, the pigments are ground 
and sieved to select the desired particle sizes. The desired optical properties, 
absorptance and emittance, are determined by the relative amounts added to 
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the binder, for ejtftmple, NS43E which had an a ef 0. S7 t6 0. flO and pd of 2 X Id 
oMn*m^. contains a plgtnant mbctni'e of fired 68 percent 2nO, 1 percent Co^O^ and 
l percent which 18 then combined with an equal amount of a pi|ment composed 

Of~fired-9fl percent ZnO and 1 percent Al^Og. 


Table 1. j’ormulatlon of Electrically conductive. Thermal -Control Coatings 
with Sodium and Fired Oxides 


GSFC 

CODg# 

riOMEhT-% 

VEHICLE-SINDER 

hiGment 

CONCENTRATION 

WAtER 

MS 4 % 

AliOj 1 2rtO 

i 1 

Wt-RATlO 

Si02/H«20 

% % 
Na20 Si02 

WEIGHT-RATIO 
BINDER: PIGMENT 

5 % 

2>S0 



NSS 3 S 

Al« 0 « 1 ZnO 1 C03O4 

i 1 mTs 1. 51 S“ 

WT-RATIO 

SI02/Na20 

% % 
Na20 Si02 

WEIGHT-RATIO 
BINDER: PIGMENt 

5 % 

2.60 


25 : >5 


A 

B 

WT-RAtiO 

Si02/Na20 


WEIGHT-RATIO^ 
BINDER: PIGMENT 
25: 75 

6% 

AI2O3 ZnO C03O4 
1 SB 1 

AI2O3 ZnO 
1 99 

WEIGHT-RATIO 

A 1 S 

50 % 1 50 % 

2.50 





2. 1. 3. FORMULATION AND APPLICATION 

The conductive pigments are added to the Silicate solution (Star) in a binder- 
pigment ratio of 25:75 by weight and thinned with distilled Or deioniaed water not 
exceeding S percent of the total of pigment plus binder. The mixture is Stirred 
with a teflon-coated magnet in a 250 ml beaker for approximately 2 hrs, allowed 
to set for lO to 12 hr and finally stirred for 2 hrs before application. The coating 
is then sprayed with compressed, dry nitrogen On the Suitably prepared surface. 
The coating is applied with slow, overlapping strokes with a spray gun held about 
8 in. from the surface. The first layer should be allowed to dry for several min- 
utes before the second coat is applied. Caution must be used In applying alL coats 
to avoid dry spray which is caused by applying the coating too fast Or having a 
spray which Is toO thin. 

2. 1. 4 OPTICAL AND ELECTRICAL PROPfiRTiES 

A ReckmanOtCo2A with a Oier-Dunkle reflectance attachment IS used to make 
absolute reflectance measurements in air before and after testing of all samples 
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to determine their abeor^rtanee^.. Shown In Figure 1 are three nwpreeentatlve sMh- 
ples formulated with the flodltun silicate binder^ The absorption effeots of the 
fired green oxides are due to the cobalt oxide. 

Normal total emltte-’Ce measurements are-alao made at room temperature 
with a DB-100 Portable Linlssometer. 



Figure 1. Optical Reflectance of Electrically Conductive, 
Thermal -Control Coatings Formulated with Sodium Silicate 
Binder 


2.2 PolSUiUiii Silicate 

2. 2. 1 formulation OF PIGMENTS AND BINDER 

The formulation of the potassium silicate coatings is basically the same as that 
of the Sodium silicates. Referring to Table 2, potassitun silicate PS -7 purchased 
from Sylvanla is used as the binder for coatings NS43C and NSS6F. The flred-oxide 
pigments are prepared as previously described for the Sodium silicate Coatings. 

2. 2. 2 OPTICAL AND ELECTRICAL PROPEBTIES 

The reflectance of two distinctly different types of electrically conductive 
coatings are shown In Figure 2. NS43C tes excellent reflectance properties and is 
sufficiently conductive 1 x Id® ohm-m^ to fall within the specifications of the fiEfi 
Program. 
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’Table 2. Fbrraulatioii of SlectrUally Conductive, Thermal •Contfdl Coatinge 
with f^otasslum-^^lleate and Fired Oxides 


GSEC 

CODE# 

P.GMEMT - % 

NE43C 

A.202 ZnO 
1 99 


VEh.CLE-WiS.D6a wn^eWat.on «AtEa 


WT-RAT.0 % % WEIOhT.RAT.6 

CC|*/K2$.d3 K^O $10} BWOER: P.GMENT 


1:1 11.3 ii.1\ 2E;7E 


ADD 1 PART OF ABOVE E0RMULAT.0N TO TWO PaRTS QS#C-IUS74 


A.2O3 EiiO C03O4 AljOa 2 nO WT-RAT.O * % WE.GHT-RAT .0 

^ ^ 1 99 SI02/K20 K2O Si02 B.NDER: P.GMENT 

1:3.31 11.3 23.7 26:75 

WE.GHT-RAT.0 

A I B 

50% 50% 


GSFC FORMULAT.ON-COMPOBEO of LITH.UIWAND POTaSSIUM SIL.CATES. 


g I e } /9d (Ohm-meter* ) 
4 N54JC .20 92 1 i 10« 

^ NS55F .97 91 6 1 10* 


400 600 600 1,000 i,2O0 1,400 1,600 iJOO 2.000 2,200 

WAVELENGTH - NANONIEtERS 

Figure 2. Optical fteflectaiice of Electrically Conductive 
Thermal -Control Coatings Formulated with Potaeelum 
iSilicate Binder 


























3. OUAUriCAtlON OE ELECTRICALiY CONDUCTIVE COAtiNCS 

3.1 Electridd-ReaUthfity MeasurektkeiiUi 

A s6j>arate phase 6f the coatings development program and ohe Vfhlch we found 
just as challenging, has been the measurement of the conductivity (area-reslstlvlty). 
Our previous experience in the optical measurement and space environment simula- 
tion has been extensive so no difficulties were encountered. However, the measure- 
ment of the area resistance has proven to be more than we bargained for. Problems 
with reproducibility,, coating Stability, experimental measurement techniques, to 
name a few, made it necessary to separate this qualification from our Coatings for- 
mulation efforts. All area- resistance data is the work of Walter Vlehmann who will 
present in a later paper the details of his contactless resistivity measurements, 

3.2 EnviroAtnental Teat Data 

3. 2. 1 UV DEGRADATION 

One of the most promising features of this family of fired -oxide coatings is 
their capability to withstand extrjemely high levels of UV radiation. Samples from 
each formulation after exposure to 1000 ht in a high vacuum environment Showed 
virtually no change in bptlcal surface reflectance. The source in this Screening 
test set*-Up is a low pressure mercury lamp which has more than 4S percent of the 
output energy below 400 nm. 

3. 2. 2 Solar wind 

The principal source of possible damage to the coatings on the exterior Space- 
craft surfaces is their bombardment by high fluence levels of low-energy protons 
contained in the solar wind and Solar flares. The relatively constant Stream of 
low-energy protons continuously emitted from the sun has a flux of approximately 
2. 5 X Id® p/cm^/seC and an average energy Of 1 keV with a maximum ®f^ihe order 
of 50 keV. The ISEE spacecraft IS expected to encounter roughly 2X10 p/ cm 
low-energy protons during a two-year period. As a consequence, the GSEC Solar 
Wind Test Facility was used to determine the degradation rates of the conductive 
coatings. Shown, in Figure 3 are the optical degradation of coatings which have been 
selected for uSe on the spacecraft. The coatings were exposed to 5 keV protons to 
a fluence of 4 X 10^® p/cm* and simultaneously irradiated with UV energy. Pre- 
vious test data taken in other UV degradation test facilities have Shown these sam- 
ples to be highly UV tolerant. Therefore, the changes in the optical properties of 
these coatings have been attributed mainly to the effects of the low-energy protons. 
After exposure to an equivalent two-year orbital lifetime the electrical and optical 
properties are well within the iSEiE specifications. 






Figure d. Degradaiion~ot Coatinge Exposed to tJV and 
Low-Energy Protons 


3. 3. 3 THERMAL- VACUUM CYCLING 

The conductive coatings have been thermal cycled from -ISO* to +150*C tor a 
total of 66 cycles of dO-mln duration. No damage was visible on a^y of the samples 
ahd all Of tiiem passed a "scotch tape" adhesion test. 


4. CONCLUSION 

The electrically conductive coatings formulated With pOtaSSlum Stid SOdium 
silicate binders and fired-oxlde pigments have met all specifications required by 
the ISEE Program. A summary of their optical and electrical properties are out- 
lined In Table 3. As ^ e have previously reported, these Coatings are now flight 
qualified after having passed all phases of the environmental testing vdilch included 
Uv, low- energy proton (solar wind), and thermal-vacuum cycling. They are now 
being applied to portions of the spacecraft. 
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table 3. Summary of Ehylrbsmentai Test Data of 
Electrically Conduotttre, Thermal^-Cobtrol Coatings 



AREA HESiSTAtiCE 

(dHm-rn2) 

ABSORP^TANCE 

a 

EMittANCE 1 

i 


1.7 K to* 

,38 

.90 

NS53S 

1 bIO* 


.82 

NS4SE 1 

t X 10^ ohwi-w^ 

.57 

.89 

NS43C 

1 X 10^ ohm-iti^ 

.20 

.92 

. NSSSF 

6 X 10^ ohm-m* 

.57 

.91 
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